In recognition memory research, a tension exists between dual-process and single-process models of episodic retrieval. Dual-process models propose that 'familiarity' assessment and the 'recollection' of contextual information are independent processes, while single-process models claim that one common process supports retrieval. Eventrelated potentials (ERPs) have been used to show dissociations between the mid frontal and the left parietal ERP old/new effects, which have been associated with familiarity and recollection, respectively. While much ERP evidence favours dual-process theory, Yovel and Paller [Yovel, G., Paller, K.A., 2004. The neural basis of the butcher-on-thebus phenomenon: when a face seems familiar but is not remembered. NeuroImage 21, 789-800] used faces as retrieval cues to demonstrate that posterior old/new effects index both familiarity and recollection, a finding consistent with single-process models. Here we present evidence supporting Yovel and Paller's claim that a posterior old/ new effect indexes familiarity for faces, along with a novel finding that recollection is associated with an anterior old/new effect. Importantly, and in contrast to Yovel and Paller, the old/new effects associated with familiarity and recollection were topographically dissociable, consistent with a dual-process view of recognition memory. The neural correlates of familiarity and recollection identified here for faces appear to be different from those typically observed, suggesting that the ERP old/new effects associated with episodic recognition are not the same under all circumstances.
Introduction
Do you ever find someone familiar without recollecting any specific information such as where or when you know them from? This common experience, summed up by the phrase 'I know your face but I can't remember your name', encapsulates the 'dualprocess' view of episodic memory. According to dual-process models, performance on recognition tests can reflect the assessment of stimulus 'familiarity', or 'recollection' of details about a previous episode (Atkinson and Juola, 1974; Mandler, 1980; Tulving, 1985; Yonelinas, 1994) . Much evidence for dual-process models originates from recognition tests employing lexical stimuli. By contrast, here we investigate the common experience described above, asking if recollection and familiarity can also be identified in face recognition tests. We describe an experiment using eventrelated potentials (ERPs) that provides strong evidence for a dualprocess view of episodic retrieval, while challenging dominant ideas about the neural correlates of familiarity and recollection.
Various dual-process models exist, each making competing predictions about the exact nature of familiarity and recollection (for a review, see Yonelinas, 2002) . Despite their differences, these models converge on the view that familiarity is relatively automatic, occurring early in the processing stream, while recollection is more controlled and occurs later. To be clear, we view familiarity as supporting the conscious experience of having encountered a stimulus before, without the retrieval of contextual information about the prior episode, whereas recollection allows additional contextual information to be reported. Despite the relative parsimony of single-process models (e.g. Donaldson, 1996) , which argue that familiarity is simply sub-threshold recollection, a body of evidence indicates that two dissociable processes underpin episodic recognition. Here we briefly review ERP evidence, which has identified neural correlates of familiarity and recollection.
When stimulus-locked ERP waveforms for correctly recognised old items ('hits') are compared to correctly recognised new items ('correct rejections'), the old waveform is more positive going at a number of different scalp locations and at a range of different latencies. This 'ERP old/new effect' reflects the summed activity of multiple subcomponents, providing evidence for the contribution of dissociable cognitive processes to recognition performance (e.g., see Donaldson et al., 2002) . Most relevant here, a mid frontal old/new effect (300-500 ms) has been linked with familiarity Curran, 2000; Curran and Cleary, 2003; Mecklinger, 2000 -although see Tsivilis et al., 2001 for an alternative interpretation) and a left parietal old/new effect (500-700 ms), varies in a manner consistent with recollection (Wilding and Rugg, 1996; Donaldson and Rugg, 1998; Curran, 2000 ; see Allan et al., 1998, for a review) . Importantly, evidence suggests that the two ERP effects are dissociable on both topographic (e.g. see Rugg et al., 1998) and functional grounds (e.g., see Rhodes and Donaldson, 2007; Greve et al., 2007) providing strong evidence for dual-process accounts.
The majority of the ERP evidence supporting dual-process models comes from paradigms using lexical stimuli. Recently, Yovel and Paller (2004) argued that the use of lexical stimuli introduces a confound because the stimuli possess a pre-existing level of familiarity; instead, they attempted to isolate familiaritybased responding using novel faces as stimuli. Faces of unknown individuals were paired with spoken occupations at study; old and new faces were intermixed and presented alone in the test phase. Participants indicated what type of information was retrieved at test. For all items endorsed as being 'old', a three-way response choice was made: occupation, other specifics, and no specifics. Importantly, Yovel and Paller argued that occupation and other specifics responses required recollection, while a no specifics response was made in the absence of recollection. The no specifics response was assumed to index familiarity for faces that are uncontaminated with pre-experimental exposure.
Yovel and Paller found that the no specifics old/new effect exhibited a parietal distribution from 500 to 700 ms: there was no evidence of the mid frontal effect typically associated with familiarity. The absence of a mid frontal effect was interpreted as resulting from the use of non-nameable stimuli, suggesting that its presence in studies using lexical stimuli reflects 'conceptual priming' rather than familiarity. Thus, Yovel and Paller argued that the parietally distributed old/new effect seen for faces represents the neural correlate of familiarity. The occupation old/new effect also exhibited a parietal distribution during the same time window, albeit exhibiting an earlier onset, longer duration and wider spread across the scalp. Critically, the distributions of the no specifics and occupation old/new effects were statistically equivalent, leading to the conclusion that common neural generators support both familiarity and recollection.
Yovel and Paller's finding poses two problems for dual-process accounts of recognition memory. First, familiarity and recollection are assumed to be qualitatively distinct, and should therefore exhibit topographically dissociable neural correlates. It is worth noting that the occupation effect did exhibit a more anterior maximum than that of the no specifics effect; it remains possible that a topographic difference was not found due to the relatively low density of scalp electrodes. Second, dual-process theories posit that familiarity occurs before recollection. According to Yovel and Paller's data, however, the neural correlate of recollection onsets before that of familiarity. Taken together, the timing and distribution of these effects are difficult to reconcile with dualprocess theory.
Dual-process theory predicts that familiarity and recollection support recognition of episodes from the past, and the models are agnostic as to the nature of the encoded information. Schloerscheidt and Rugg (2004) have shown that the mid frontal effect is elicited by visually presented test words that were encoded as auditory samples, and therefore that the old/new effect is not modality-specific; these data are consistent with dual-process models. Given that the mid frontal effect has also been reported in studies using words , pictures (Curran and Cleary, 2003) , object forms (Mecklinger et al., 1998) and faces (Nessler et al., 2005) there is good evidence to suggest that the effect does not show material-specificity either. In this respect, Yovel and Paller's demonstration that familiarity for faces elicits a parietal old/new effect is controversial.
The present study was conducted to gauge whether familiarity for faces is indexed by a parietal old/new effect. The design of the experiment closely resembled that of Yovel and Paller, but with the following deviations: names were paired with faces at study to operationalize the experience of 'I know your face but I can't remember your name'; memory performance for names required the length of study and test blocks to be half the size used by Yovel and Paller; a dense array of 61 electrodes was used to lend topographic analyses greater sensitivity to detect subtle differences in the distribution of old/new effects between conditions. In addition, the faces used were masked of hair, ears and background in a bid to force participants to use facial information alone to support recognition. If the mid frontal old/new effect provides a generic index of familiarity then it should be elicited by face stimuli; however, if this is not the case, following Yovel and Paller, familiarity should elicit a parietal old/new effect. Either way, from a dual-process perspective, dissociable neural correlates of recollection and familiarity would be expected.
Methods
Twenty-four (13 female) right-handed, native English speakers with a mean age of 23 years (range: 18-35 years) gave informed consent and participated in the study. Participants reported having normal or corrected-to-normal vision, and were paid £5 per hour. Nine participants failed to contribute enough trials to all 4 conditions; data from the remaining 15 participants are presented here.
Faces were shown on a monitor and names were presented through speakers located on either side of the monitor; stimuli were presented and behavioural data were recorded with E-Prime (Psychology Software Tools; http://www.pstnet.com). Participants sat on a chair approximately one meter away from the monitor, with a button box on their lap. All faces were of young Caucasian individuals who did not wear any jewellery, glasses or facial hair. Facial images were masked to remove background, hair and ears, before being resized and positioned in the centre of the display. To eliminate gross differences in luminance between individual stimuli, faces were morphed 25% towards average colour using Psychomorph software (Tiddeman et al., 2001) . In addition, half of the faces were morphed 50% towards average face shape, counterbalanced across participants. All data reported here are collapsed across morphing conditions: despite the intention to examine the effects of morphing, in practice there were insufficient trial numbers to examine ERPs for unmorphed and morphed conditions separately. Faces were presented against a black background, and subtended a maximum horizontal visual angle of 2°and a maximum vertical visual angle of 5°. Male names were spoken in a male voice and female names were spoken in a female voice (see Supplementary material for details of the names used). Auditory samples were edited to ensure that face and word onset coincided.
Data were acquired during 18 study-test blocks. Each block contained 12 unique face-name pairings presented at study, and was followed by the same 12 faces intermixed with 6 new faces at test. Each block contained an equal number of male and female faces. The test status of the faces was rotated across participants such that each face had an equal chance of being new at test. Within each block there was random selection of faces to counter against order of presentation effects. The study and test phase procedures are illustrated in Fig. 1 .
In the study phase, each trial began with a grey fixation cross (+) presented in the centre of the screen against a black background for 1000 ms. The fixation cross was followed immediately by a face presentation which lasted for 2000 ms. At face onset, a name was presented auditorily. After face offset, participants made a binary judgment as to whether the face fit the name. Participants responded with one of two buttons, and their response terminated the trial. Participants were told that the judgment was arbitrary, and that the task was designed to help them remember face-name associations for the test phase.
In the test phase, each trial began with a grey fixation cross presented against a black background for 1500 ms. The fixation cross was replaced by a face presentation that lasted for 500 ms. After face offset, a black screen was displayed for 2000 ms, while participants indicated whether they thought the face was 'old' or 'new' by pressing one of two buttons. If a 'new' response was made, the trial terminated. If an 'old' response was made, the black screen was followed by a prompt indicating three response options: name, other specifics and no specifics. If a no specifics or an other specifics response was made, this terminated the trial. Participants were asked to respond no specifics if recognition was devoid of contextual retrieval and to respond other specifics if they recollected information from the study episode but could not retrieve the name that was paired with the face. Participants were asked to respond name if they could recall the name that was paired with the face at study, and were required to report the name. The experimenter pressed a key to terminate the trial having recorded the reported name.
The response options allowed trials to be sorted into recollection and familiarity bins for averaging EEG into ERPs. Recollection was inferred on trials where participants made either a name or an other specifics response to a studied face. Following Yovel and Paller, where participants failed to supply the correct name for any face then the trial was recoded as other specifics. Both name and other specifics responses require the participant to reinstate aspects of the study episode and therefore require recollection. Familiarity was inferred on trials where participants made a no specifics response to a studied face. Participants are assumed to make this response when recognition of a face fails to reinstate any of the contexts in which the face was previously encountered, providing an analogue of recognition supported by familiarity.
During testing, EEG was recorded from 61 silver/silver chloride electrodes embedded in an elasticised Quick-Cap (Neuromedical Supplies: http://www.neuro.com). Electrodes used were: FP1, FP2, AF3, AF4, AF7, AF8, FZ, F1, F2, F3, F4, F5, F6, F7, F8, FCZ, FC1, FC2, FC3, FC4, FC5, FC6, FT7, FT8, CZ, C1, C2, C3, C4, C5, C6, T7, T8, CPZ, CP1, CP2, CP3, CP4, CP5, CP6, TP7, TP8, PZ, P1, P2, P3, P4, P5, P6, P7, P8, POZ, PO3, PO4, PO5, PO6, PO7, PO8, OZ, O1, O2. All channels were referenced to an electrode placed on the right mastoid process and an additional electrode was placed on the left mastoid. Electrode positions were based on the International 10-20 system (Jasper, 1958) . Electrooculogram (EOG) electrodes were placed above and below the left eye, and on the outer canthi. Data were recorded using Scan 4.2 software (http://www.neuro.com). Impedances were maintained below 5 kΩ. The data were band pass filtered between 40 and Fig. 1 . Procedure on each trial at study and test: On each study trial, a grey fixation cross was replaced after 1000 ms by a face, which was presented for 2000 ms; coincidental with face onset was an auditory name presentation. After face offset, participants were prompted to rate the fit between face and name with a binary judgement, i.e. 'good fit' or 'bad fit'. On each test trial, a grey fixation cross was replaced after 1500 ms by a face, which was presented for 500 ms. Test faces were either old (studied) or new (unstudied). A black screen followed face offset, and remained for 2000 ms during which time participants pressed either 'old' or 'new'. If a face was endorsed as 'new' then the trial terminated; if a face was endorsed as 'old' then a screen prompted participants to introspect upon the quality of their memory for the study episode. If face recognition was accompanied by name retrieval then participants pressed 'name' and were then asked to say the name that they could recall. The experimenter pressed a button to code the response as either correct or incorrect, which terminated the trial. If face recognition was accompanied by the retrieval of other specific information from the study episode then participants pressed 'other specifics', which terminated the trial. If face recognition was not accompanied by retrieval of specific information from the study episode then participants pressed 'no specifics', which terminated the trial. 0.01 Hz and digitised at a rate of 125 Hz (8 ms/point). Data were re-referenced off-line to an average mastoid reference. EEG was segmented into 1008 ms epochs, starting 104 ms before stimulus onset. Ocular artifacts were removed using a regression procedure, and trials were excluded from the averages if EEG saturated, where drift exceeded ±75 μV (measured by the difference between the first and last data points in the epoch) or where activity anywhere in the epoch exceeded ± 100 μV. Waveforms were smoothed over a 5-point kernel. To ensure a good signal-to-noise ratio, a minimum of 16 artefact-free trials per condition was set as a criterion before an individual participant's data were included in grand-average ERPs.
Grand-average ERPs were formed for 4 conditions: name, other specifics, no specifics and correct rejection. The average number of trials in these conditions was 32, 46, 38 and 69, respectively. The old/new effects were first characterized separately for the name, other specifics and no specifics conditions, and then comparisons were made between the conditions. ANOVA was performed with the factors of old/new (name/correct rejection; other specifics/ correct rejection; no specifics/correct rejection), location (frontal/ fronto-central/central/centro-parietal/parietal), hemisphere (left/ right) and site (superior/medial/inferior). The specific electrodes included in the analysis were: F1/3/5/2/4/6, FC1/3/5/2/4/6, C1/3/5/ 2/4/6, CP1/3/5/2/4/6 and P1/3/5/2/4/6. Significant interactions involving the old/new factor were followed up by subsidiary ANOVA carried out separately for each location (including factors of hemisphere and site) to identify the locus of differences in the effects. The Greenhouse-Geisser correction for breaches of the sphericity assumption was used as appropriate. Finally, data were rescaled according to the Max-Min method (McCarthy and Wood, 1985) so that topographic analyses were not confounded by amplitude differences.
Results

Behaviour
Recognition responses averaged 73% (S.D. = 11%) correct for old faces, with 20% (S.D. = 10%) false alarms and 79% (S.D. = 10%) correct rejections for new faces. Table 1 shows the percentage of hits subsequently assigned to each of the 3 response categories. A one-way repeated-measures ANOVA revealed no significant differences in performance levels across categories. When a name was produced, it was correct 82% of the time (S.D. = 16%).
The mean response time for correct recognition of old faces ('hits') was 1499 ms (S.D. = 287 ms), and the mean response time for correct rejection of new faces was 1397 ms (S.D. = 282 ms). Table 1 also shows the mean response times for hits assigned to each category. A one-way repeated-measures ANOVA revealed a significant difference in response times [F(2,28) = 11.6; p < 0.001]. Bonferroni-corrected subsidiary t-tests revealed that name responses were significantly faster than both other specifics [t(14) = 2.9; p < 0.05] and no specifics [t(14) = 4.2; p = 0.001] responses. ERPs are shown for: correct responses to old faces where participants correctly supplied the name that was paired with the face at study ('name'); correct responses to old faces where participants recollected information other than the name ('other specifics'); correct responses to old faces where participants did not recollect any information from the study episode ('no specifics'); along with correct responses to new faces ('CR'). Scale bars indicate the magnitude of activity (in μV) and the time course of activity (in ms). The difference between 'name' and 'CR' waveforms is greater at the frontal electrode; the difference between 'other specifics' and 'CR' waveforms is also greater at the frontal electrode; but in contrast, the difference between 'no specifics' and 'CR' is greater at the parietal electrode.
Event-related potentials
correct rejection. In each case, the hit waveform diverges from the correct rejection waveform between 300 and 350 ms post-stimulus. For name and other specifics the difference persists for around 400 ms and appears largest at the frontal electrode. By contrast, for no specifics, the difference persists for around 250 ms and appears largest at the parietal electrode. As can be seen in Fig. 2 , the old/ new effects are largest for the name condition and smallest for the no specifics condition. To analyse the old/new effects, the waveforms were quantified from 300 to 500 ms and from 500 to 700 ms. 1 The time windows are those typically used to investigate the neural correlates of familiarity and recollection, and facilitate comparison with the results of Yovel and Paller (2004) . The topography of the old/new effects is illustrated in Fig. 3 , which highlights the anterior distribution for name and other specifics, contrasting with a posterior distribution for no specifics.
Name old/new effect
The analysis of data from 300 to 500 ms revealed a main effect of old/new [F(1,14) = 20.3; p < 0.001], along with interactions between old/new and location [F(1.4,20.1) = 5.3; p < 0.05] and between old/new and site [F(1.1,15.1) = 7.7; p < 0.05]; these interactions reflect bigger old/new effects at anterior locations, and at superior sites. The old/new effect was significant at all 5 locations, and exhibited a superior distribution at anterior sites (see Table 2 ). Examination of the data revealed that the effect was maximal at FCZ [t(14) = 4.5; p = 0.001].
For Table 3 ), and at anterior sites it was bigger on the right hemisphere, and superiorly distributed. Examination of the data found that the effect was maximal at F2 [t(14) = 5.3; p < 0.001].
Other specifics
Analysis of data from the 300-500 ms time window revealed a main effect of old/new [F(1,14) = 9.2; p < 0.01] and interactions between old/new, location and hemisphere [F(1.8,24.8) = 4.0; p < 0.05] and between old/new, location and site [F(3.5,48.9) = 3.2; p < 0.05]. As can be seen in Table 2 , the effect was significant at all 5 locations, but no interactions with hemisphere or site were observed. Additional analyses investigating the initial 3-way interactions examined left and right hemispheres separately at each location. This analysis revealed an interaction between old/new and site at the frontal location on the left hemisphere [F(1.3,18.2) = 5.0; p < 0.05] reflecting smaller effects at inferior sites than superior sites. Examination of the data found that the effect was maximal at FC2 [t(14) = 3.3; p = 0.005].
For the 500-700 ms time window, the analysis revealed a main effect of old/new [F(1,14) = 10.4; p < 0.01] and an interaction between old/new, location and hemisphere [F(1.5,20.9) = 7.8; p = 0.005]. As in the 300-500 ms time window, the effect was significant at all 5 locations (see Table 3 ) and there were significant interactions with hemisphere and site at the frontal location, reflecting a right greater than left asymmetry, and the fact that the effects were smaller at inferior sites than superior sites over the left hemisphere only. Examination of the data found that the effect was maximal at AF4 [t(14) = 3.2; p < 0.01].
No specifics
From 300 to 500 ms, the analysis revealed a main effect of old/ new [F(1,14) = 11.8; p < 0.01] and an interaction between old/new and site [F(2,28) = 4.2; p < 0.05], reflecting a bigger difference at superior sites. The effect was only significant at the 4 most posterior locations (see Table 2 ), and was superiorly distributed at fronto-central and central sites. Importantly, the effect was not significant over the frontal string of electrodes. Examination of the data revealed that the effect was maximal at CZ [t(14) = 3.5; p < 0.01].
The analysis of data from 500 to 700 ms revealed interactions between old/new and location [F(1.4,20 .3) = 4.8; p < 0.05] and between old/new, hemisphere and site [F(2,28) = 8.8; p = 0.001]. The old/new effect was only significant at parietal sites (see Table  3 ). Interactions between old/new, hemisphere and site were significant at frontal and central sites; however, old/new differences were not reliable at any individual electrode. As can be seen in Fig. 3 , the interactions reflect the presence of negativity over the left hemisphere. Examination of the data revealed that the positive going old/new effect was maximal at P4 [t(14) = 2.6; p < 0.05].
Comparison across conditions
The preceding analyses demonstrate the presence of significant old/new effects for each condition. Subtraction waveforms were computed for all three conditions allowing direct comparison of the sizes of the old/new differences across conditions. Data were submitted to ANOVA with factors of condition (name vs. other specifics/name vs. no specifics/other specifics vs. no specifics), location (frontal/fronto-central/central/centro-parietal/parietal), hemisphere (left/right) and site (superior/medial/inferior).
300-500 ms
When name was compared to other specifics, no differences were observed.
When name was compared to no specifics, the analysis revealed a main effect of condition [F(1,14) = 4.6; p < 0.05] and an interaction between condition and location [F(1.4,20.1) = 5.8; p < 0.05]. Subsidiary analyses revealed differences in the pattern of effects across anterior and posterior electrodes; significant main effects of condition were present at anterior locations (frontal [F(1,14) = 7.9; p < 0.05], fronto-central [F(1,14) = 7.6; p < 0.05], and central [F(1,14) = 4.6; p = 0.05]) reflecting a larger old/new difference for name than for no specifics. In addition, an interaction between condition and site [F(1.2,16.3) = 4.7; p < 0.05] was present at fronto-central sites, reflecting larger differences over superior sites. Importantly, whilst name was larger than no specifics over anterior locations, no reliable differences were observed at centro-parietal and parietal locations.
When other specifics was compared to no specifics, the analysis revealed an interaction between condition, location and hemisphere [F(2.2,30.5) = 4.9; p < 0.05]. Subsidiary analyses revealed that, at frontal sites only, there was an interaction between condition and hemisphere [F(1,14) = 5.4; p < 0.05]: the other specifics effect is bigger than the no specifics effect, and this difference is greater on the right hemisphere. No other differences were observed. In sum, whilst name and other specifics exhibit no differences during the 300-500 ms time window, both conditions exhibit larger old/new effects than no specifics.
500-700 ms
When name was compared to other specifics, a main effect of condition was observed [F(1,14) = 5.9; p < 0.05], reflecting a bigger effect for name than for other specifics.
When name was compared to no specifics, the analysis revealed a main effect of condition [F(1,14) 
Topographic analyses
As is clear from Fig. 3 , the name and other specifics distributions have an anterior focus while the no specifics distribution has a posterior focus. To directly assess whether the apparent differences in distribution are statistically reliable, additional topographic comparisons were carried out. The data were rescaled and submitted to ANOVA with factors of condition (name vs. other specifics/name vs. no specifics/other specifics vs. no specifics), location (frontal/ fronto-central/central/centro-parietal/parietal), hemisphere (left/ right) and site (superior/medial/inferior).
300-500 ms
Pairwise comparisons between all three conditions revealed no significant differences in the topography of effects during the early time window.
500-700 ms
Comparison of the old/new effects for the name and other specifics conditions revealed no significant differences in the topography of effects.
Comparison of name and no specifics revealed significant interactions between condition and location [F(1.5,20.8) = 10.2; F(1,14) = 20.2; p = 0.00 n/s F(1.4,19.0) = 12.2; p = 0.001 n/s C F(1,14) = 19.1; p = 0.001 n/s F (1.1,15 .4) = 8.2; p = 0.01 n/s CP F(1,14) = 20.1; p = 0.001 n/s n/s n/s P F(1,14) = 15.9; p = 0.001 n/s n/s n/s
Other specifics vs. correct rejection Fig. 3 , these results reflect two principle differences between the old/new effects: first, the name effect exhibits an anterior distribution relative to the posterior distribution of the no specifics effect; and second, the name effect is larger over superior sites, particularly at right anterior electrodes, but this is not the case for the no specifics condition. Finally, other specifics was compared to no specifics, revealing an interaction between condition, location and hemisphere [F(4,56) = 8.7; p < 0.001]. Again, as is evident from Fig. 3 , the other specifics condition is maximal over right hemisphere anterior electrodes but exhibits a left greater than right asymmetry over posterior electrodes, whereas the no specifics condition is maximal over right hemisphere posterior electrodes.
Discussion
The experience of 'I know your face but I can't remember your name' is common, but the neural correlates of recollection and familiarity for faces have not been widely investigated. Here, we separated ERPs according to whether participants could recognise faces with or without the retrieval of contextual information. We provide evidence for a neural correlate of familiarity that exhibits a posterior scalp distribution-quite different from that seen in most recognition memory studies. More importantly, we dissociate recollection and familiarity for faces, providing clear evidence for a neural correlate of recollection that exhibits an anterior maximum. Below we discuss this novel finding in relation to the traditional old/new effects, and in light of dual-process accounts of recognition memory.
Topographic dissociation between familiarity and recollection
Assuming that performance supporting name and other specifics responses requires recollection, whereas performance supporting no specifics responses requires only familiarity, the data presented here show that recollection elicits a frontally focused old/new effect while familiarity elicits a more posterior old/new effect. To be clear, we do not claim a double dissociation between recollection and familiarity, with entirely separate effects in each case. Rather, old/new effects at the most anterior sites analysed were only found for recollection conditions, whereas old/ new effects were identified for both familiarity and recollection conditions at more posterior sites.
Although positive going old/new effects are present over posterior electrodes for all 3 hit conditions, we are unable to tell whether this reflects the activity of a common set of neural generators. This question is of interest because it speaks to the issue of whether familiarity and recollection co-occur. If the posterior portion of the effect seen for name and other specifics reflected familiarity alone, then the amplitude of the 3 hit conditions would be expected to be equivalent. In fact, as can be seen in Fig. 2 , over posterior electrodes the pattern was graded, with the name condition exhibiting greater positivity than other specifics, which was in turn greater than no specifics. Moreover, it seems likely that at least part of the posterior old/new effects seen for name and other specifics reflects simple propagation of the anterior recollection old/new effect across the scalp. Thus, the present findings leave open the possibility that the neural generators of familiarity are active whenever retrieval is successful. Regardless, our data clearly show that anterior activity accom-panying recollection is topographically dissociable from posterior activity accompanying familiarity.
The present findings are broadly consistent with data reported by Paller et al. (2000) , in which faces presented without biographical information at study elicited a posterior old/new effect when recognised, whereas faces paired with biographical information at study elicited additional anterior activity when recognised. In their paper, the authors state that "effects at posterior locations (Pz and Oz) were reliable for named and unnamed faces" and "effects at anterior locations (Fz and Cz) were reliable only for named faces" (Paller et al., 2000, p. 102) . While specific details including electrode montage, analysis strategy and the precise boundaries between effects differ between our data and those of Paller et al., the same underlying anterior/posterior difference is present. Paller et al. argued that the posterior portion of the old/new effect reflects face recognition while the frontal portion reflects access to semantic information. The experiment employed a onestage old/new decision, and the authors were therefore unable to specify whether familiarity or recollection elicited the posterior activity. By contrast, the present results imply that the posterior portion of the face recognition old/new effect is actually a neural correlate of familiarity.
To our knowledge, unequivocally dissociable neural correlates of familiarity and recollection for faces have not been reported previously. In an attempt to characterise neural correlates of recollection and familiarity for faces, Yovel and Paller (2004) reported that the distribution of effects did not differ topographically. By contrast, our data identify a frontally maximum old/new effect for recollection, which is topographically distinct from the posterior old/ new effect associated with familiarity. An obvious question that arises is why a topographic difference was not found by Yovel and Paller. One possibility is that our topographic dissociation reflects greater sensitivity to detect differences due to a denser electrode array. Another factor may be our experimental design, which included names as stimuli, and required relatively short study-test blocks to facilitate a sufficient level of performance to form ERPs. Perhaps more important may be the faces we used, which were masked of ears, hair and background; this difference in stimuli raises the possibility that different strategies were employed by participants across studies (thereby evoking different recollection effects). While the critical factor remains to be determined, our procedures reveal distinct neural correlates of familiarity and recollection.
No mid frontal old/new effect when a face feels familiar
As noted in the Introduction, previous studies have identified a mid frontal effect (300-500 ms) as the neural correlate of familiarity. One interesting feature of the present data concerns the prima fasciae topographic resemblance of the recollection old/new effect to the putative mid frontal index of familiarity, particularly during the 300-500 ms time window. We do not equate the two effects for several reasons. First, mid frontal familiarity effects are typically of equivalent magnitude across conditions where items are thought to be equally familiar (e.g. Curran, 2000) , yet in the current data there are clear differences between hit conditions, with significantly larger effects for the name and other specifics conditions compared to no specifics (see Fig. 2 ). Second, there were no significant effects over frontal electrodes in the one condition where a correlate of familiarity would be most expected-the no specifics condition. Third, at a functional level, equating the anterior effect seen here with the typical mid frontal effect has an unpalatable theoretical implication-it implies that recollection during face recognition is primarily supported by familiarity.
Another possibility is that the recollection old/new effect seen here is an early manifestation of the well documented late right frontal old/new effect identified in many source memory paradigms (e.g. Wilding and Rugg, 1996) and considered to reflect post-retrieval processing. We re-examined our data to consider this possibility (see Supplementary material) and reject it for two reasons: first, from 500 to 700 ms the anterior effect is sensitive to the nature of the information recollected (with a bigger effect for name than for other specifics) whereas later right frontal activity is not sensitive to the nature of information recollected; second, the topographies of the two effects differ. Nevertheless, it remains possible that activity from 500 to 700 ms represents a blend of mid frontal and late right frontal old/new effects. Of greatest importance, however, is the finding that familiarity for faces elicits a posterior old/new effect. Regardless of whether the anterior activity associated with recollection reflects the mid frontal effect, the late right frontal effect, a blend of the two, or a less well established correlate of recollection, familiarity was associated with a topographically dissociable posterior effect, which demonstrates that familiarity is not generically associated with the mid frontal old/new effect.
A neural correlate of absolute familiarity?
One motivation for examining face recognition was the possibility that unfamiliar faces allow absolute familiarity to be examined. This view is based upon a distinction between absolute and relative familiarity (see Mandler, 1980; Rugg et al., 1995) . In a study-test paradigm, old items are relatively more familiar than new items because they have been encountered recently. If words are used as stimuli then all test items will have a baseline of familiarity because they have been encountered outside the experimental context; assessments of absolute familiarity will not be diagnostic of previous occurrence and so performance must be supported by sensitivity to relative changes in familiarity. In contrast, where previously unencountered stimuli are employed then assessments of absolute familiarity may be diagnostic of previous occurrence. By this view, the mid frontal effect would be considered an index of relative familiarity, whereas the parietal effect seen for faces reflects assessment of absolute familiarity.
One way to reconcile the present findings with those of Nessler et al. (2005) , who identified a mid frontal effect in a continuous recognition paradigm with faces, is to conclude that task demands can promote a reliance on assessments of either relative or absolute familiarity, each of which is associated with a distinct neural correlate. By this view, performance on a continuous recognition paradigm may be associated with assessments of relative familiarity, eliciting a mid frontal effect, whereas traditional study-test paradigms using faces may allow greater reliance on absolute familiaritypossibly due to the greater opportunity for encoding that is availableand elicit a parietal old/new effect associated with familiarity.
Regardless of whether performance in the no specifics condition is supported by absolute or relative familiarity, the present data are consistent with a dual-process account. Not only are topographically dissociable effects elicited by familiarity and recollection, but the effects differ in their time course, with the frontal old/new effect associated with recollection appearing to last longer (see Fig. 2, and Supplementary material). Functionally, face recognition performance can be separated according to whether familiarity or recollection supports retrieval, and at this level face recognition is no different from any other kind of stimulus recognition in providing evidence for dual-process theory. At a neural level, however, a different pattern of activity seems to support face recognition than is typically characteristic of episodic retrieval-at least under the conditions employed here. Whether features such as the particular structure of the paradigm or the characteristics of the stimuli employed determine the pattern of effects remains to be seen. Regardless, if dual-process theories are to explain recognition memory at both functional and neural levels they need to accommodate the differences between the old/new effects elicited in the present paradigm and those more commonly associated with familiarity and recollection. To our knowledge, no current dualprocess model distinguishes between the retrieval processes engaged by different types of paradigm or stimulus.
Conclusion
We examined the neural correlates associated with the experience of 'I know your face but I can't remember your name', identifying topographically dissociable ERP old/new effects associated with recollection and familiarity. The current data are suggestive of the material specificity of the ERP old/new effects: the effects seen here for faces do not match those typically seen in studies of word recognition. Any claims of material specificity are premature, of course, and must await evidence from paradigms directly comparing stimulus materials. Regardless, the present finding raises the possibility that there may be more than one route to the feeling of familiarity engendered by a stimulus, depending on whether assessment of relative or absolute familiarity is diagnostic of previous occurrence. Further research investigating the differences between various types of stimuli on the neural correlates of recognition memory promises to aid in elucidating the functional characteristics of ERP old/new effects, and in assessing the generalisability of dual-process accounts. Fundamentally, these new data provide clear evidence that the ERP old/new effect does not provide a generic index of retrieval processing under all circumstances.
